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(54) Color demodulation for digital television 

(57) A digital sampling and separation unit (1 2) for a 
television receiver (10) of a composite video signal, 
such as an NTSC signal, which has a color subcarher. 
The video signal is sampled at a frequency selected in 
accordance with the invention. This frequency provides 



samples having a definite and repeating phase relation- 
ship with the sut3carrier signal. (FIGURE 4). As a result, 
phase reference values can be used to convert the sam- 
ples into correct color difference values. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to digital television receivers 
that receive composite television signals, and more par- 
ticularly to providing color-separated pixel data from the 
television signal. 

BACKGROUND OF THE INVENTION 

In many television broadcast signals, notably those 
adhering to the NTSC and PAL standards, there is a 
defined relationship between the horizontal line fre- 
quency (F^ and the color subcarrier frequency (Fgc) 
For example, in NTSC signals, luminance and chromi- 
nance are transmitted in a single channel by using a 
chrominance subcarrier at 3.58 MHz. which is equal to 
the line frequency. 1 5.734.26 Hz, times 455/2. At the tel- 
evision receiver, the chrominance subcarrier provides a 
reference signal for separating chrominance from lumi- 
nance (color separation) and for separating the chromi- 
nance components (demodulation). 

In digital television systems that follow NTSC stand- 
ards, typical digital color separation algorithms call for a 
sampling rate tliat is some multiple of the 3.58 MHz sub- 
carrier frequency. 

A commonly used sampling rate is approximately 
14.318 MHz. refen-ed to as the "4 fsc** rate. This sam- 
pling rate provides chrominance samples that are quad- 
rature spaced. For demodulation, all that is left to do is 
to separate even and odd samples into two paths and 
low pass filter them. The even samples are pixel values 
for one color component and the odd samples are pixel 
values for the other. 

A problem with the 4 sampling rate is that it is not 
always consistent with the sampling rate required for a 
desired number of pixels per line (horizontal resolution). 
For example, tor a 480 line display with a 4:3 aspect 
ratio. 640 pixels per line are required. Yet. a 4 fsc sample 
rate yields about 747 active samples per line. For a 
square pixel display with a one-to-one pixel to sample 
ratio, this is a distortion ratio of 16.7%. 

Some existing systems provide the required 
number of samples per line by first sanpling the incom- 
ing composite signal at 4 f^^ and then scaling the sam- 
ples to the desired number of samples per line. 
However, a problem with scaling is that visual artifacts 
are likely to occur. Also, the increased complexity of 
such systems makes them more costly. 

U.S. Patent No. 5.347.321. entitied "Color Separa- 
tor for Digital Television System", assigned to Texas 
Instruments Incorporated, describes one solution to 
color separation and sampling. The luminance and 
chrominance signals are separated before sampling. 
The luminance signal is sampled at a rate appropriate 
for the desired horizontal resolution, thereby eliminating 
the need for scaling luminance data. The chrominance 
signal is sampled at 4 f sc so that the color components 



can be easily separated, and then the samples are 
scaled. 

SUMMARY OF THE INVENTION 

5 

One aspect of the invention is a digital sampling 
and color separation unit for a receiver of an analog 
video signal having a quadrature-modulated color sub- 
carrier signal. Well known examples of such signals are 

10 television signals adhering to the NTSC or PAL stand- 
ards. An analog-to-digital converter sanrples the video 
signal at a sampling frequency The sanpting frequency 
Is such that an integer number of samples are acquired 
in a time equal to an integer number, plus or minus .25, 

15 times the period of said sukx^arrier signal. The sanpled 
video data is delivered to a luminance-chrominance 
separator, which separates the sampled video data into 
luminance data and chrominance data. 

During the sampling process, a digital oscillator 

20 operates at the sampling frequency to provide a phase 
refererKe value for each chrominance sample. The 
phase reference values each represent a phase rela- 
tionship between a chrominance sample and the sub- 
carrier signal. A memory, such as a (ook-up table 

25 addressed by the phase reference values, stores sin 
and cosine values and matches the phase reference 
values to the sin and cosine values. A digital demodula- 
tor receives the sin and cosine values and the chromi- 
nance samples and multiplies each chrominance 

30 sample by a sin or a cosine value, thereby providing 
color data. The resulting output of the sampling and 
color separation unit is pixel data in three channels, one 
for luminance data and two for color data. 

An advantage of the inverrtion is that it provides 

35 color-separated pixel data from a composite vkleo sig- 
nal in a simple and straightfon^vard manner. At the same 
time, the sampling frequency can be varied to satisfy 
the horizontal resolution requirements for various dis- 
play formats. Any sampling frequency that meets the 

40 above requirements is suitable. For a given horizontal 
resolution, the sampling frequency is selected by catou- 
lating the qualifying sampling frequency that is closest 
to a target frequency that will produce a desired nuni^er 
o1 samples per lines. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a block diagram of vkleo-reiated com- 
ponents of a digital television receiver, having a sam- 
50 pling and separation unit in accordance with the 
invention. 

FIGURE 2 is a block diagram of the sampling and 
separation unit of FIGURE 1 . 

FIGURE 2 A is an alternative embodiment of the 
55 sampling and separation unit of FIGURE 1 . 

FIGURE 3 illustrates how sampling frequencies are 
selected in accordance with the invention. 

FIGURE 4 illustrates samples acquired in accord- 
ance with the invention, and tiieir phase relationship to 
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the color subcarrier signal. 

FIGURE 5 illustrates the digital osciilator, look-up 
table, and demodulator of FIGURE 2 in further detail. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 illustrates digital data path components 
of a digital display system 10. It should be understood 
that only components used for ot>taining and displaying 
pixel data are shown; conponents used for tasks such 
as synchronization and audio signal processing are not 
shown. Finally, although the following description is in 
terms of a display system 10 for a broadcast television 
signal, it shouki be understood that display system 10 
could be any type of equipment for receiving an analog 
composite video signal and displaying or storing images 
represented by the signal. 

Display system 10 uses a spatial light modulator, in 
particular, a digital micro-mirror device 19. for generat- 
ing displays. This device is explained in further detail 
below, but could be replaced by other pixel array 
devices. The invention is directed to a sampling and 
color separation unit 12, which samples a composite 
video signal in a manner that facilitates color separa- 
tion, including demodulation of chrominance data into 
color difference data. Although not shown in FIGURE 1. 
sampling and separation unit 12 coukJ be used with a 
digital display system ttiat has a cathode ray tube (CRT) 
display instead of SLM 19. For such systems, the data 
is converted k)ack to analog form and scanned to the 
CRT instead of being delivered to SLM 19. 

The following overview of the various components 
of display system 10 provides details helpful to under- 
standing of the invention. Further details pertaining to a 
DMD-based image display system are set out in U.S. 
Patent No. 5,079.544, entitled "Standard Independent 
Digitized Video System"; US. Patent No.5.526.051, 
entitied "Digital Television System"; and in U.S. Patent 
No.5.452.024. entitled "DMD Display System". Each of 
these patents is assigned to Texas Instiunrients Incorpo- 
rated, arxJ each is incorporated herein by reference. 

The video input may be any analog conposite sig- 
nal having chrominance and luminance components. 
The luminance component is referred to herein as the 
"Y" component, and the chrominance component as the 
"C" component. The C component is comprised of two 
color difference signals, for example, Cp and Cs- The 
chrominance signal is amplitude and phase modulated 
on a color subcarrier, for example, the 3.58 MHz subcar- 
rier used for NTSC signals. 

For purposes off this description. K is assumed that 
the sampling frequency for conventional digital color 
separation is not necessarily the same as the sampling 
frequency that will provide the desired numt>er of sam- 
ples per line. For example, as discussed in the Back- 
ground, in an NTSC system, a 4 f^^ sampling frequency 
does not necessarily provide the desired number of 
samples per line for a 4:3 aspect ratio. 

A signal interlace 1 1 provides conventional signal 
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interface functions, such as tuning, filtering, and syn- 
chronization signal removal. For purposes of the inven- 
tion, the main function of interface 11 is to provide a 
composite Y/C signal to sampling and separation unit 
5 12. 

Sampling and separation unit 12 is discussed in 
detail in connection with FIGURES 2 - 5. As discussed 
below, it samples the analog signal at a sampling fre- 
quency determined in accordance with the invention. 

10 This sampling frequency has a specific relationship to 
the color subcarrier reference burst frequency, so that 
color difference values can be calculated. The samples 
provided by sampling and separation unit 12 are in 
three channels, a luminance data channel and two color 

15 difference data channels. 

Pixel data processor 1 3 prepares the data for dis- 
play, by performing various processing tasks. Processor 
13 includes processing memory for storing pixel data 
during processing. The tasks performed by processor 

20 13 may include linearization, color space conversion, 
and proscan. Linearization removes the effect of 
gamma correction, which is performed on broadcast 
signals to compensate for the non-linear operation of 
CRT displays. Color space conversion converts the data 

25 to RGB data. ProScan converts irrterlaced fields of data 
into frames by generating new data to fill in odd or even 
lines. The order in which these tasks are performed may 
vary 

Frame memory 14 receives processed pixel data 
30 from processor 13. Frame memory 14 formats tiie data, 
on input or on output, into "bit-plane" format and deliv- 
ers tiie bit-planes to SLM 19. The bit-plane format pro- 
vides one t^t at a time for each pixel of SLM 19 and 
permits each pixel to be turned on or off in accordance 
35 with the weight of that t)it. For example, where each 
pixel is represented by n bits for each of three colors, 
there will be 3 n bit-planes per frame. Bit-planes con- 
taining less significant bits will result in shorter display 
times than the bit-planes containing more significant 
40 bits. A pixel value of 0 (black) results in the pixel being 
off for that color during the frame. For each color, each 
mirror element of the SLM 19 can be "on" for a duration 
of anywhere from 1 LSB (least significant bit) period to 
2"-1 LSB periods. In other words, each color has 2"-1 
45 time slices, during which any pixel can be on for any 
number of time slices between 0 and 2"-1 . 

In a typical display system 10. frame memory 14 is 
a double-buffer memory, which means that it has a 
capacity for at least two display frames. The buffer for 
so one display frame can be read out to SLM 19 while the 
buffer for another display frame is being written. The two 
buffers are controlled in a "ping-pong" manner so that 
data is continuously available to SLM 19. 

As stated atDove. this description is in terms of a dis- 
ss play system whose SLM 19 is a digital micro-mirror 
device (DMD), characterized by individually addressa- 
ble pixel elements, which are capable of being turned on 
or off simultaneously Images are formed by addressing 
tiiose pixels that are to be turned on during an image 
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frame, and by controlling the length of time per frame 
that each pixel element is on. An example of an SLM is 
a digital mirror device (DMD). manufactured by Texas 
Instruments Incorporated. For purposes of this descrip- 
tion, an SLM 19 with a vertical resolution of 480 lines is 
assumed. The mirror elements of the SLM 19 are 
square, such that for a given vertical resolution (VR) and 
a desired aspect ratio (AR), the horizontal resolution 
(HR) is determined by: 

AR = HR / VR 

For a 480 line display and an aspect ratio of 4:3, the 
number of pixels per line is: 

4/3 = HR/480 
HR = 640 

Light incident on SLM 19 is provided by a tight 
source 16 and is transmitted through a rotating color 
wheel 15. Lens 17a focusses the source illumination, in 
the form of a source beam, to a **spot size" at the plane 
of the color wheel 1 5. Lens 1 7b directs the light to SLM 
19. 

In the example of FIGURE 1. color wheel 15 has 
three filter segments, each of a different primary color. 
For purposes of example herein, these cobrs are RGB 
colors: red, green, and i3lue. In alternative embodi- 
ments, other colors could be used and fewer or nriore 
than three colors could be used. Also, there could be 
more than one segment for each color. The segments 
need not be exactly the same size, depending on the 
desired color balance. The data for each color are 
sequenced and the display of the data is synchronized 
so that the portion of color wheel 1 5 through which light 
is being transmitted to SLM 19 corresponds to the data 
being displayed. In the example of this description, each 
pixel is represented by RGB data, which means that 
each pixel has a red value, a green value, and a blue 
value. As the values for each color off all pixels in a 
frame are being displayed, color wheel 15 rotates so 
that the light is transmitted through the corresponding 
red. blue or green filter. 

For each pixel, the combination of these three 
values is perceived as the desired color. 

Color wheel 15 is attached to a shaft 15b. which is 
driven by motor 1 5a, causing color wheel 1 5 to rotate. A 
motor control unit 15c controls the speed and phase of 
color wheel 1 5. Where a frame of data is displayed for a 
frame period of T seconds, color wheel 15 has a period 
of revolution of T seconds. For example, the desired 
speed might be 60 revolutions per second to corre- 
spond to a 60 frame per secorxJ display rate. 

Master timing unit 18 provides various system con- 
trol functions. 

One timing signal provided by master timing unit 
18 is a signal defining the display times for each bit 
weight of the pixel value. It may also provide the sample 



dock signal, at a frequency determined in accordance 
with the invention. 

Atthough not illustrated in FIGURE 1, system 10 
also includes a projection lens and various other optical 

5 devices for collecting arKl projecting the image from 
SLM 19 to the image plane (screen). 

FIGURE 2 illustrates sampling and separation unit 
12 in further detail, in the en*)odiment of FIGURE 2, 
A/D converter 21 samples the data k)efore digital Y/C 

10 separator 22 separates the Y (luminance) from the C 
(chrominance) data. However, as illustrated in the alter- 
native embodiment of FIGURE 2A. an analog Y/C sep- 
arator 210 could be used instead of a digital Y/C 
separator 22. with two A/D converters 21 1 being used to 

IS sample the Y and C signals. 

A/D converter 21 (FIGURE 2) and A/D converters 
21 1 (FIGURE 2A) operate at a sampling rate in accord- 
ance with the invention. Referring to FIGURE 2, A/D 
converter 21 receives the composite video signal, it 

20 samples this signal at a rate determined in accordance 
with the invention, such that an integer number, n, of 
samples at the sample dock frequency is equal in time 
to an integer number, m. plus or minus .25. cycles at fsc. 
Expressed mathematically: 

25 

nTpc = {m+/-.25)T^ 

where Tpc is the period of the pixel (sample) dock and 
Tsc is the period of the cok>r subcarrier. For NTSC 

30 video, the subcarrier period. T^c. is approximately .28 
microseconds. 

To select a sample rate. Tp^.. a target sample rate is 
calculated and appropriate values of m and n are deter- 
mined. In the example of tiiis description, the target 

35 sample rate is 12.27 MHz. which is the sanrple rate that 
would provide 480 samples per line. The target sample 
rate is calculated according to the active line period and 
the number of pixels per line. 

FIGURE 3 illustrates a matrix of n and m values 

40 substituted into the above equation, and the equation 
solved for various values of 1/T f . The calculated 
value off ffpc dosest to the target fpc is located. If the tar- 
get fpc is 12.27 MHz. the closest sample rate is 12.27 
MHz, which corresponds to m=5 and n=18. Thus, A/D 

45 converter 21 is operated at a sampling frequency of 
12.27 MHz. Numbers have been rounded for conven- 
ience of description. 

Referring again to FIGURE 2. Y/C separator 22 
receives the sanrpled data and separates Y (luminance) 

so samples from C (chrominance) samples. Y/C separator 
22 may be any digital means for separating the lumi- 
nance data from chrominance data. Conventional digital 
color separation methods may be used, such as band- 
pass or con^ filtering. 

55 At this point, the Y data is ready for further process- 
ing, but the C data must first be denrKXjulated into two 
channels of color difference samples. The sarrple rate 
of A/D converter 21 permits quadrature syncfvonous 
demodulatk>n. with the use of digital oscillator 23. iook- 
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up table 24. and demodulator 25. 

FIGURE 4 illustrates the phase relationship 
between the chrominance samples provided by the 
12.27 MHz sample rate and the subcarrier signal at 3.58 
MHz. There are 18 samples per 5.25 cycles. These 
samples have a definite and repeating phase relation- 
ship with the sin and cosine values of the 3.58 MHz sig- 
nal. As Indicated, the phase relationship repeats every 
24 sample periods. 

Referring again to FIGURE 2. digital oscillator 23 
provides phase reference values to a menfx>ry 24» which 
then provides sin and cosine values to be multiplied 
times the sample values. In the example of this descrip- 
tion, memory 24 is a look-up table (LUT) and is 
addressed by the phase reference values. Digital oscil- 
lator 23 accumulates phase increments each sample 
period, to accommodate the phase difference between 
the sample clock and fsc- Each phase increment, pi, in 
degrees, is calculated as: 

. 360^3, 

sarrple frequency 
_ 360 ( m -i- .25) 
n 

In the example of this description, each phase 
increment is: 

p. _ 360 g.25) 
s 105 degrees. 

At every sample clock signal, this increment is 
added to the current phase, in 360 degree cycles. Oscil- 
lator 23 could be designed so that 2^ = 360. where K is 
the number of bits and so that 1 1 1 ...1 = 360. An initial 
value is provided to establish the initial phase relation- 
ship between ^ and i^. This could be accomplished by 
comparing the offset at 0 points of the reference and 
sample signals. The phase increment could be modified 
slightly by the measured phase and magnitude of the 
color tHjrst signal to phase lock oscillator 23 to the color 
burst. 

Referring again to FIGURE 2. the output of digital 
oscillator 23 drives a look-up table memory 24. which 
provides sin arxJ cosine reference signals for the 
demodulation process. From memory 24, the sin and 
cosine values are delivered to a digital demodulator 25, 
which demodulates the chrominance data. 

FIGURE 5 is a block diagram of one embodiment of 
digital oscillator 23. LUT 24. and demodulator 25. Digital 
oscillator 23 is comprised of an adder 51 and an accu- 
mulator 52. Adder 51 adds the phase increment, as cal- 
culated above, to each current phase value, and the 
sum is accumulated by accumulator 52. The output of 
accumulator 52 drives LUT 24. The sin and cosine val- 
ues from LUT 24 are multiplied, using multipliers 25, by 
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the C data. Each sample of C data is multiplied by a 
cosine value and a sin value, to obtain a Cb and a Cp 
value. 

As an example of the operation of demodulator 25, 
5 referring to FIGURE 4. Sanrple 4 has a pfiase difference 
of 60 degrees (105 degrees * 4 samples = 420 degrees; 
420 degrees - 360 degrees = 60 degrees), if the value 
of Sample 4 is x. the color difference values for Sample 
4 are x(cosine 60) and x(sin 60). These values are fil- 
10 tered with low pass fitters 54 to provide the output 
chrominance data. 

OTHER EMBODIMENTS 

75 Although the invention has been described with ref- 
erence to specific embodiments, this description is not 
meant to be construed in a limiting sense. Various mod- 
ifications of the disclosed embodiments, as well as 
alternative emtxx:liments, will be apparent to persons 

20 skilled in the art. 

Claims 

1. A digital sampling and color separation unit for a 
25 receiver of a composite video signal having a quad- 
rature-modulated color subcarrier signal, compris- 
ing: 

an analog-to-digital converter that samples 
30 saki vkieo signal at a sampling frequency such 

that an integer number of samples are acquired 
in a time equal to an integer number, plus or 
minus .25, times the period of said subcarrier 
signal, thereby providing sampled video data; 
35 a digital luminance-chrominance separator that 

receives said sampled video data and sepa- 
rates said sampled video data into luminance 
data and chrominance data; 
a digital oscillator for provkling phase reference 
40 values at said sampling frequency, each phase 

reference value representing a phase relation- 
ship between a sample of said chrominarKe 
data and said subcarrier signal, such that each 
chrominance sarrple has an associated phase 
45 reference value; 

a memory, driven by said digital oscillator, that 
stores sin and cosine values and that matches 
said phase reference values to sakl sin and 
cosine values; arxJ 
so a demodulator that receives said sin and 

cosine values and said chrominance data, mul- 
tiplies each chrominance sample by a sin or a 
cosine value matched to the phase reference 
value associated with that sample, and low 
55 pass filters the product, thereby providing color 

difference data. 

2. The sampling and color separation unit of Claim 1 . 
wherein sakj memory is a look-up tat>le, addressed 
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by said phase reference values. 

3. The sampling and color separation unit of any of 
Claims 1-2, wherein said digital oscillator com- 
prises an adder and an accumulator. s 

4. The sampling and separation unit of any of Claims 
1-3, wherein said digital oscillator receives a phase 
increment value that it accumulates for each 
chrominance sample in 360 degree cycles. io 

5. The sampling and color separation unit of any of 
Claims 1-4, wherein said denxxlulator comprises a 
multiplier and a tow pass filter on a first data path 
that provide a first color difference signal, and a 75 
multiplier and a low pass filter on a second data 
path that provide a second color difference signal. 

6. The sampling and color separation unit of any of 
Claims 1-5, wherein said composite video signal is 20 
an NTSC signal, such that said period of said sub- 
carrier signal is approximately .28 microseconds. 

7. A chrominance sanrpling and demodulation unit for 

a receiver of a composite video signal having a 25 
quadrature-modulated color subcarrier signal, com- 
prising: 

an anaiog-to-digital converter that samples 
said subcarrier signal at a sampling frequency 30 
such that an integer number of samples are 
acquired in a time equal to an integer number, 
plus or minus .25, times the period of said sub- 
carrier signal, thereby providing chrominance 
data; 35 
a digital oscillator that provides phase refer- 
ence values at said sampling frequency, said 
phase r^rence values each representing a 
phase relationship between a sample of said 
chronrinance data and said subcarrier signal, 4o 
such that each chrominance sample has an 
associated phase reference value; 
a memory that stores sin and cosine values 
and matches said phase reference values to 
said sin and cosine values; and 45 
a demodulator that receives said sin and 
cosine values and said chrominance data, mul- 
tiplies each chrominance sample by a sin or a 
cosine value matched to the phase reference 
value associated with that sample, and low so 
pass filters the product, thereby providing color 
difference data. 

8. The sampling and color separation unit of Claim 7. 
wherein said merrx>ry is a look-up table, addressed ss 
by said phase reference values. 

9. The sampling and color separation unit of any of 
Claims 7-8, wherein said digital oscillator com- 
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prises an adder and an accumulator. 

10. The sampling arxi color separation unit of any of 
Claims 7-9, wherein said digital oscillator receives a 
phase increment value which it accumulates for 
each chrominance sample in 360 degree cycles. 

11. The sampling and color separation unit of any of 
Claims 7-10. wherein said demodulator comprises 
a multiplier and a low pass filter on a first data path 
that provide a first color difference signal and a mul- 
tiplier and a low pass fHter on a secorKi data patii 
tiiat provide a second color difference signal. 

12. The sampling and color separation unit of Claim 7. 
wherein said composite video signal is an NTSC 
signal, such that said period of said sut>carrier sig- 
nal is approximately .28 microseconds. 

13. A method of providing color difference data in a 
receiver of a video signal having a quadrature-mod- 
ulated color subcarrier signal, comprising the steps 
of: 

sampling said subcarrier signal, at a sampling 
frequency such that an integer number of sam- 
ples are acquired in a time equal to an integer 
number, plus or minus .25, times the period of 
said subcarrier signal, thereby providing 
chrominance data; 

providing phase reference values at said sam- 
pling frequency, said phase reference values 
each representing a phase relationship 
between a sample of said chrominance data 
arxj said sutx:arrier signal, such that each 
chrominance sample has an associated phase 
reference value; 

matching said ph^e reference values to sin 
and cosine values; 

mult^lying each chrominance sample by a sin 
or a cosine value matched to the phase refer- 
ence value associated with that sample; and 
low pass filtering the results of said multiplying 
step, thereby provkiing said color differerx^e 
data. 

14. The method of Claim 13, wherein said sampling 
step is preceded by the step of selecting said sam- 
pling frequency such that it approximates a target 
sampling frequency that would produce a desired 
number of samples per line. 

15. The method of any of Claims 13-14. wherein said 
matching step is performed such that each said 
chrominance sample is multiplied by both a sin 
value and a cosine value, such tiiat each chromi- 
nance sample provides two color difference values. 

16. The method of Claim 13, wherein said step of pro- 
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viding phase reference values is performed by 
accumulating a constant phase increment in 360 
degree cycles. 

17. A digital television receiver of a video signal having s 
a quadrature-modulated subcarrier signal for color 
difference information, comprising: 

a signal interface that receives and tunes said 
video signal; io 
a sampling and color separation unit having: 

an analog-to-digital converter that samples 
said video signal at a sampling frequency 
such that an integer number of samples is 
are acquired in a time equal to an integer 
number, plus or minus .25, times the 
period of said sutxarrier signal, thereby 
providing sampled video data; 
a digital luminance-chrominance separator 20 
receives said sampled video data and sep- 
arates said sampled video data into lumi- 
nance data and chrominance data; 
a digital oscillator that provides phase ref- 
erence values at said sampling frequency. 25 
said phase reference values each repre- 
senting a phase relationship between a 
chrominance sample and said suk>carrier 
signal, such that each sample of said 
chrominance data has. an associated 30 
phase reference value; 
a memory that stores sin and cosine val- 
ues and matches said phase reference val- 
ues to said sin and cosine values; and 
a demodulator that receives said sin and 3S 
cosine values and said chrominance data, 
multiplies each chrominance sample by a 
sin or a cosine value, and low pass filters 
the product, thereby providing color differ- 
ence data; 40 
a pixel processor that receives said lumi- 
nance data and said chrominance data 
and performs pixel processing tasks on 
said data; and 

a frame memory that provides said data to 45 
a display. 

18. The receiver of Claim 17, further comprising a spa- 
tial light modulator that displays said data. 



19. The receiver of any of Claims 17-18, wherein said 
memory of said sampling and color separation unit 
is a look-up table, addressed by said phase refer- 
ence values. 

20. The receiver of any of Claims 17-19, wherein said 
digital oscillator comprises an adder and an accu- 
mulator. 
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